Background: The role of surgical therapy in gastric cancer patients with distant metastases remains controversial. This retrospective analysis was performed to identify whether gastric cancer patients with distant metastases might benefit from
INTRODUCTION
Gastric cancer is the fourth most common type of cancer worldwide and is the second cause of cancerrelated death globally [1] . In 2014, in the United States, the numbers of new cases and deaths from gastric adenocarcinoma were estimated to be 22,220 and 10,990, respectively [2, 3] . The incidence of gastric cancer is the second highest in China and is > 20 per 100,000 in men [4] . Because of early tumor detection, curative surgical resection and appropriate adjuvant therapy, the survival of patients with early primary gastric cancer has improved. In a previous study in Japan, the resection rate in patients with early primary gastric cancers was 95.4% and the 5-year survival rate of patients who underwent resection was 70.7% [5] . However, because of the atypical early symptoms, limited popularity of routine gastroscopy examination and other factors, 35% of patients present with evidence of distant metastases at the time of diagnosis [6] .As a result, the treatment of gastric cancer patients with distant metastases remains poor. Although systemic chemotherapy with or without new molecular targeting agents is currently the standard treatment modality, the median survival time (MST) of gastric cancer patients with distant metastases is < 12 months and the 5-year survival is < 10% without surgical treatment [7, 8] .
Researchers have begun to seek and explore new and more effective treatment options for gastric cancer patients with distant metastases. With advancements in current research and the emergence of a large amount of evidence-based medical findings, some scholars have proposed active surgical treatment for gastric cancer patients with distant metastases [9, 10, 11] . However, because the outcomes of palliative resections in gastric cancer patients with distant metastases are extremely poor [12, 13] , the benefits of surgery in these cases remain debatable. Thus, this retrospective analysis was performed to analyze the significance of surgery for gastric cancer with distant metastases and to investigate the prognostic factors associated with surgery to identify candidates with gastric cancer with distant metastases who are most likely to benefit from curative surgical treatment.
PATIENTS AND METHODS

Patient selection
The Surveillance, Epidemiology, and End Results Program (SEER) database was sponsored by the National Cancer Institute. In the SEER database, information on cancer cases from 18 population-based cancer registries, which represent approximately 27.8% of the population in the United States, was collected. The database of the SEER program includes information on patient demographics, primary tumor site, tumor histology, stage at initial diagnosis, surgery, radiotherapy, and survival.
Our retrospective study contained 5185 patients from the SEER database (SEER*Stat 8.2.1) who were initially diagnosed with histologically confirmed gastric cancer with distant metastases between 2004 and 2009. The histological type was restricted to adenocarcinoma. Exclusion criteria included patients less than 18 years of age, survival time less than 3 months after confirmed diagnosis, patients with previously diagnosed malignancies, metastasectomy without primary tumor resection or if resection of the primary tumor was unknown, and occult gastric cancer (no evidence of primary tumor). The remaining patients were divided into three groups as follows: patients who underwent resection of both the primary tumor and distant metastatic tumors ('PMTR' group), patients who underwent resection of the primary tumor alone ('PTR' group) and patients who did not undergo surgery ('No surgery' group).
Statistical analysis
Survival curves, the median survival time (MST), 1-year survival rate and 3-year survival rate were estimated with the Kaplan-Meier method, and the log-rank test was performed to evaluate survival in the different groups. Hazard ratios (HRs) along with 95% confidence intervals (CI) were calculated using the multivariate Cox proportional hazard regression model to determine the influences of other factors including surgery, age, race, gender, tumor site, grade, histological type, T-stage, N-stage, and radiation status, on survival. Statistical tests were two-sided and P < 0.05 was considered statistically significant. SPSS 12.0 (SPSS Chicago, IL, USA) software was used for the statistical analysis.
RESULTS
Patient characteristics
A total of 5185 eligible patients were included: 322 (6.2%) patients underwent resection of both primary and distant metastatic tumors ('PMTR' group), 885 (17.1%) patients underwent PTR alone ('PTR' group), and 3978 (76.7%) patients did not undergo any surgery ('No surgery' group). A total of 946 (18.24%) patients were over 75 years old and 1843 (35.54%) were male. Patient demographics and characteristics are summarized in Table  1 . 
Survival analyses
The results of the Kaplan-Meier analysis and logrank test showed that a total of 5185 patients had a MST of 9.0 months, a 1-year survival rate of 34.6%, and a 3-year survival rate of 7.9%. Among them, the MST of the 'PMTR' group and the 'PTR' group was significantly longer compared with that of the No surgery group (12.0 vs 12.0 vs 9.0 months, P < 0.001), whereas no significant difference was observed between the 'PMTR' and the 'PTR' groups (P = 0.642). The 1-year survival rates were 49.6%, 49.1% and 30.1% for the 'PMTR', 'PTR' and 'No surgery' groups, respectively (P < 0.001) and the 3-year survival rates were 12.5%, 15.1% and 5.8%, respectively (P < 0.001). The survival curves are shown in Figure 1 .
Outcomes of the different subgroups
We compared the survival benefit of patients according to the subgroups, which accounted for age, race, gender, grade, tumor site, histological type, T-stage, N-stage and radiation status, by Kaplan-Meier analysis and log-rank test. Among the different subgroups, the survival benefits of patients in the 'PMTR' and 'PTR' groups were better than those seen in patients in the 'No surgery' group (Table 2) . Specifically, in the N 0-1 subgroup, the results showed that the survival improvement of patients in the 'PMTR' and 'PTR' groups was significantly higher compared with that of patients in the 'No surgery' group (MST, 12.0 vs 14.0 vs 8.0 months, P < 0.001; 1-year survival rate, 49.1% vs 55.4% vs 31.4%, P < 0.001; 3-year survival rate, 14.0% vs 25.1% vs 6.2%, P < 0.001). Moreover, patients with stage N 0-1 cancer in the 'PTR' group had an increased survival benefit compared with those in the 'PMTR' group (P < 0.05). However, among those with stage N 2-3 cancer, no statistically significant differences were found in the MST, the 1-year or the 3-year survival rate among the three groups (P > 0.05) (Figure 2 ).
The superiority in the 'PMTR' and 'PTR' groups was completely diminished compared with the 'No surgery' group only in the subgroups that contained patients with well differentiated and undifferentiated tumors. Considering the far smaller number of patients who underwent surgery in these two subgroups, the results should be interpreted with caution.
Multivariate analyses for survival
The multivariate Cox proportional hazard regression analysis showed that surgery was an independent prognostic factor ('PMTR', hazard ratio (HR) = 0.577, 95% confidence interval (CI) 0.491-0.677, P < 0.001; 'PTR', HR = 0.559, 95% CI 0.493-0.633, P < 0.001). We also analysed all the aforementioned factors in the subgroups and found that age, histological type, N-stage and radiation status were also independent prognostic factors ( Table 3) . 
Prognostic factors associated with surgery
The multivariate Cox proportional hazard regression analysis showed that in the 'PMTR' group, age and radiation status were independent prognostic factors, while in the 'PTR' group, in addition to age and radiation status, T-stage and N-stage were also independent prognostic factors ( Table 4) .
DISCUSSION
In recent years, surgical treatment for gastric cancer with distant metastases has remained controversial. Although systemic chemotherapy is the standard treatment strategy, the MST of these patients is only approximately 12 months, and long-term survival beyond 5 years is rare [14, 15] . Recently, it was reported that in selected cases, especially in patients with gastric cancer with liver metastases, aggressive surgical treatment may lead to unexpected results [16, 17, 18, 19, 20] . In a review based on 19 studies, Kerkar et al. reported that the 5-year survival rate of gastric cancer patients with liver metastases who underwent liver resection was 26.5% (range: 0-60%) [16] . Similarly, Kodera et al. analysed 17 studies that involved patients with gastric cancer with liver metastases and showed that the MST ranged from 9.0 to 38.8 months among patients who underwent surgical resection [17] . Recently, two meta-analyses also verified that hepatectomy might be associated with the significant improvement in overall survival [18, 19] . In an analysis of 39 studies that involved patients with gastric cancer with liver metastases who underwent hepatectomy, Markar et al. found that the median 1-year, 3-year, and 5-year survival rates were 68%, 31%, and 27%, respectively [18] . In another meta-analysis of 11 observational studies, Martella et al. reported a significantly higher survival rate in the patients who underwent the most aggressive surgery for liver metastases (HR = 0.54, 95% CI 0.46-0.95) compared with patients who underwent palliative treatment only [19] . Studies of gastric cancer patients with distant metastases other than those to the liver who underwent curative surgery are scarce. In a retrospective study initiated by HAN et al., gastric cancer patients with distant metastases, including metastases to the liver, para-aortic lymph nodes, peritoneum and ovary, were enrolled, and those who were good responders to induction chemotherapy underwent curative R 0 resection [20] . Finally, the median survival of patients was as high as 22.9 months. In the meta-analysis, a survival benefit and clinical significance were also found for palliative gastrectomy for metastatic gastric cancer (HR = 0.62; 95%CI 0.49-0.78; P < 0.0001) [21] . All these studies demonstrated that surgery was a potential approach to improve the outcome of selected patients with metastatic gastric cancer. Recently, the opposite result was reported in the REGATTA randomized controlled trial [22] . REGATTA was an open-label, randomized, phase 3 trial with 44 participating centres and hospitals in Japan, South Korea, and Singapore. Patients aged 20-75 years old with advanced gastric cancer confined to either the liver (H1), peritoneum (P1), or para-aortic lymph nodes (16a1/b2) and who had a single non-curable factor were enrolled and randomly assigned (1:1) in each country to chemotherapy alone or gastrectomy (D1 lymphadenectomy) followed by chemotherapy. The overall survival at 2 years as the primary endpoint for all randomly assigned patients was 31.7% (95% CI 21.7-42.2) for those assigned to chemotherapy alone compared with 25.1% (16.2-34.9) for those assigned to gastrectomy plus chemotherapy. The median overall survival was 16.6 months (95% CI 13.7-19.8) for patients assigned to chemotherapy alone and 14.3 months (11.8-16. 3) for those assigned to gastrectomy plus chemotherapy (hazard ratio 1.09, 95% CI 0.78-1.52; onesided P = 0.70). Based on the result of this trial, compared with chemotherapy alone, resection of the primary tumor plus chemotherapy did not improve survival. In contrast to the aforementioned retrospective study, the majority of the enrolled patients in this trial experienced peritoneal metastasis (75%). This undesirable composition of the enrolled patients may have led to the negative result in this trial.
However, not all patients with metastatic gastric cancer obtained a survival benefit from surgery, and these candidates for surgery shared some general characteristics. In the study by Samarasam et al., 107 of 151 patients underwent surgical resection and 44 underwent non-resectional surgery [23] . The MST of the patients who underwent surgical resection was 24.0 months, but the MST was 12.0 months for those who underwent non-resectional surgery. The patients were divided into four groups according to widespread tumor growth (T+), unresectable lymph node involvement (L+), liver metastasis (H+) and peritoneal metastasis (P+). All patients with one positive sign underwent resection, and the resultant MST was 24.3 months. Patients with two positive signs had a survival advantage in favour of surgical resection, in contrast to those who underwent non-resectional surgery (13.0 vs 8.0 months). When three signs (6.0 vs 12.0 months) and four signs (2.0 vs 2.6 months) were present, the survival advantage of patients who underwent surgical resection disappeared. Similarly, Hartgrink et al. found that among 156 patients who underwent palliative resection and 77 who did not undergo resection, the MST was greater in the resection group (8.1 vs 5.4 months; P < 0.001) [24] . A significant difference in survival benefit was found in patients with one metastatic site between the resection group and the non-resection group (MST, 10.5 vs 6.7 months; P = 0.034) while no significant survival advantage was observed in patients who underwent resection of two or more metastatic sites (5.7 vs 4.6 months, P = 0.084). In addition, they found that although patients aged over 70 years gained a 3-month improvement in survival after surgery, the morbidity and perioperative mortality rates in this older age group were much higher (50% and 20%, respectively).
The results of the current study were similar to those described above. Compared with patients who did not undergo surgery, those who underwent PMTR or PTR experienced significant improvements in survival. Furthermore, in the subgroup analyses, with the exception of the N 2 -N 3 stage subgroup, the factors of age, race, gender, tumor site, grade, histological type, T-stage, and radiation status did not influence the surgery-associated benefits seen in these patients. This may imply that patients with N 2 -N 3 stage cancer would not benefit from surgery. However, no significant difference was found in terms of a survival benefit between the patients who underwent PMTR and those who underwent PTR. Additionally, in clinical practice, PMTR may lead to more treatment complications and risks. This suggests that, in the same cases, PTR may represent a better option compared with PMTR. www.impactjournals.com/oncotarget Thus far, many investigators have agreed that age, histological type, N-stage and radiation status were independent prognostic factors [16, 17, 18, 19, 20, 21] . In our study, using a multivariate analysis, we arrived at the same conclusions and found that surgery was an additional independent prognostic factor. This implied that compared with those who did not undergo surgery, patients who underwent surgery might obtain a survival benefit and experience a significant decrease in the risk of death. Similarly, younger patients, those with nonsignet-ring cell adenocarcinoma, those with early N-stage cancers and those who received radiation therapy might be more likely to experience a survival benefit compared with other patients. In addition, younger patients and those who received radiation were more likely to benefit from PMTR. However, in the 'PTR' group, younger patients, those with early T-stage tumors, those with early N-stage tumors, and those who received radiation therapy were more prone to undergo PTR.
Some limitations may have influenced the results of our study. First, our study had limitations that are inherent to the methodology of retrospective analyses, including selection bias and potential confounders. Thus, we integrated the data of the following patient groups to reduce bias as much as possible because of insufficient sample capacity: T 1 and T 2 were integrated into the T 1-2 subgroup, T 3 and T 4 were integrated into the T 3-4 subgroup, N 0 and N 1 were integrated into the N 0-1 subgroup, and N 2 and N 3 were integrated into the N 2-3 subgroup. Second, information such as the performance status of the patients, the site and number of metastases, whether patients underwent synchronous or metachronous surgery, chemotherapy status, and comorbidities were not included in the SEER database. Finally, the determination of the T-stage and N-stage of patients who underwent surgery depended on the postoperative pathologic results, while for those who did not undergo surgery, they were determined according to the imaging results.
In conclusion, we sought to evaluate whether gastric cancer patients with distant metastases would benefit from surgery. The results showed that surgical treatment was able to improve effective survival time except patients with N 2 -N 3 stage cancer. From the results of this study, we considered that patients who were younger and those with early stage primary tumors might obtain a greater survival benefit from surgical treatment than others. Additionally, radiation therapy may strengthen the survival benefit that is gained from surgical treatment. Furthermore, the improvements in the survival of patients who underwent PMTR and PTR were not statistically significant. As a result of more treatment complications and risks that are associated with PMTR in clinical practice, PTR may represent a better option for gastric cancer patients with distant metastases. Our study was a retrospective analysis with limitations and our conclusions should be further validated by a more prospective randomized trial.
